Extreme scaling of CMOS devices has led to a number of challenges for characterization and analysis at high spatial resolution. Along with continued shrinking of feature size, such as channel length, contact size and gate oxide thickness, there is a concomitant deployment of new materials such as high dielectric constant (K) gate oxides, metal gate electrodes, and strained or high mobility channels. Future generation structures will likely include migration to 3D architectures. The focus of this study is a model gate stack which is comprised of a TiN metal-gate electrode, a metal doped HfO 2 high-K dielectric and a very thin lower-K interfacial SiO 2 layer on Si. Metallic dopants in high-K dielectrics, such as Al, La, Dy, or Ba, are often used to modify device threshold voltage (V t ) and/or increase K. In this study a thin (<1nm) Ba capping layer is deposited onto HfO 2 (<2.5nm) which following an anneal leads to a large flat-band voltage-shift of -750mV relative to a Ba-free stack desirable for low-V t n-channel transistors, and an equivalent oxide thickness of 9Å. Adding dopants to HfO 2 for scaling is associated with increasing the dielectric constant of the SiO 2 or the stabilization of higher-K crystalline phases of HfO 2 . [1,2] The chief challenge for microanalysis for this system is the detection of metallic dopants without significant radiation damage. Empirically, a 3Å-30pA probe (typical for a conventional FEG STEM) leads to visible damage after ~5s suggesting a critical dose of ~2nC/nm 2 at 200kV. This implies exposure times of 0.16s should be possible for 1Å-100pA Cs-corrected probes. The dependence on kV and dose rate on the loss of chemical species during the irradiation has not yet been fully studied. For a 20nm thick sample the number of Ba atoms at 5at.% in HfO 2 is ~6 in a 3Å probe and <1 in a 1Å probe. The detection sensitivity by EELS for 5at.%Ba in HfO 2 is estimated using "EELS Advisor". Using the 3Å-30pA probe, detection requires an exposure time of ~2s. Evaluation of the maximum dose necessary to detect dopants when the sampled volume contains on average less than 1 requires only that single atom sensitivity is achieved. For the 1Å-100pA probe this is accomplished with an 80ms exposure time, i.e. a factor of 2 less than would generate damage.
than 5% in this example. We find here that 30% of the total Ba is located in the IL layer and extends up to the Si interface.
To further improve detection sensitivity various noise filtering methods were explored. The most successful in this application was 4 component data reconstruction from principal component analysis, improving SNR by a factor of 2x (FIG 4) . The success of PCA depends critically on the energy range, data pre-treatment and the number of components used for reconstruction. Other methods such as median filtering in either spectral or energy domain, multiple-linear-least-squares fitting of standards to the power-law-background-subtracted data or 2 nd difference filtered data marginally improve SNR. 
